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Abstract 

This study examines butterfly larval host plants, herbivory and related life history attributes 
within Nagpur City, India. The larval host plants of 120 butterfly species are identified and their 
host specificity, life form, biotope, abundance and perennation recorded; of the 126 larval host 
plants, most are trees (49), with fewer herbs (43), shrubs (22), climbers (7) and stem parasites (2). 
They include 89 wild, 23 cultivated, 11 wild/cultivated and 3 exotic plant species; 78 are 
perennials, 43 annuals and 5 biannuals. Plants belonging to Poaceae and Fabaceae are most 
widely used by butterfly larvae. In addition to distinctions in host plant family affiliation, a 
number of significant differences between butterfly families have been identified in host use 
patterns: for life forms, biotopes, landforms, perennation, host specificity, egg batch size and ant 
associations. These differences arising from the development of a butterfly resource database 
have important implications for conserving butterfly species within the city area. Differences in 
overall butterfly population sizes within the city relate mainly to the number of host plants used, 
but other influences, including egg batch size and host specificity are identified. Much of the 
variation in population size is unaccounted for and points to the need to investigate larval host 
plant life history and strategies as population size is not simply dependent on host plant 
abundance. 



Keywords: India, Lepidoptera, habitat, host specificity, life form, biotope, perennation, oviposition, vegetation structure, 
landforms 

Correspondence: a ashishdtiple(5)yahoo.co.in , b rlhdennis(5)aol.com 
Editor: Tugrul Giray was Editor of this paper 
Received: 1 3 April 20 1 0, Accepted: 3 July 20 1 0 

Copyright : This is an open access paper. We use the Creative Commons Attribution 3.0 license that permits 
unrestricted use, provided that the paper is properly attributed. 

ISSN: 1536-2442 | Vol. I I, Number 65 

Cite this paper as: 

Tiple AD, Khurad AM, Dennis RLH. 201 I. Butterfly larval host plant use in a tropical urban context: Life history 
associations, herbivory, and landscape factors. Journal of Insect Science I 1:65 available online: insectscience.org/ 1 1.65 



Journal of Insect Science | www.insectscience.org 



Journal of Insect Science.Vol. I I | Article 65 
Introduction 



Insects have unrivalled supremacy among 
living organisms constituting, as they do, the 
largest faunal component inhabiting the earth, 
occupying almost all ecological niches, from 
the frozen Arctic and Antarctica, to dry 
deserts, hot springs and high mountains. 
Among insects, butterflies have proved to be 
invaluable flagship species for conservation 
(Thomas 2005). Confronted with worldwide 
pressures on natural biomes, from an 
exponentially growing human population, 
they have already been shown to be highly 
sensitive indicators of climate change 
(Parmesan et al. 1999; Sparks et al. 2005 
2007), biotope fragmentation (Warren et al. 
2001) and urbanization (Hardy and Dennis 
1999; Jana et al. 2006; Kadlec et al. 2008). 
Most research findings emanate from 
temperate environments, yet, a wealth of 
butterfly data is potentially available for 
monitoring changes to tropical biomes. For 
instance, India hosts about 1,501 butterfly 
species, 350 in peninsular India and 333 in the 
western Ghats alone (Gaonkar 1996). 

Butterflies are phytophagous. The ability of 
herbivorous insects to feed on plants has been 
demonstrated to be intricately linked to plant 
taxonomic diversity (Mitter et al. 1988) and 
involves competition between plants and 
insects (Dawkins and Krebs 1979). The 
dominant strategy among herbivorous insect 
species involves specialization on a set of 
closely related plants (Ehrlich and Raven 
1965; Eastop 1973; Ehrlich and Murphy 1988; 
Ward and Spalding 1993). Butterfly-plant 
speciation, through shifts in host-plant ranking 
and specialization, is thought to account for a 
substantial part of the diversification of plant- 
feeding insects (Thompson et al. 1990; 
Carriere and Roitberg 1995; Keese 1996; Janz 
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1998; Janz and Nylin 1998). All herbivorous 
insects show some degree of host selectivity 
(Bernays and Chapman 1994). Under natural 
conditions, insects are confronted with many 
external stimuli, their own internal 
physiological conditions and responses, and a 
series of environmental constraints (Visser 
1986; Bernays and Chapman 1994; Badenes 
et al. 2004). This makes it very difficult to 
discern the relative importance to the insect of 
chemical, visual, and mechanical stimuli from 
host and non-host plants (Schoonhoven et al. 
1998; Hooks and Johnson 2001). However, it 
is generally assumed that the process of host 
selection in specialist insects is governed 
primarily by volatile chemical signals, later by 
visual stimuli, and finally by non-volatile 
chemical signals (Hern et al. 1996; Hooks and 
Johnson 2001). Butterflies demonstrate a 
hierarchy in host preferences, discriminating 
among plant species, among genotypes, 
among individuals with different phenological 
and physiological conditions, and even among 
plant parts (Wiklund 1984), although not all 
discriminate at the finer scales (Wiklund 
1975; Thompson and Pellmyr 1991; Bernays 
and Chapman 1994). Furthermore, there may 
be significant behavioural differences within a 
family, among species of the same genus, or 
even among different populations of the same 
species (Jones 1977; Singer and Parmesan 
1993). Many butterflies prefer groups of very 
closely related plants where the larvae obtain 
the entire set of nutrients required for growth 
and development, as well as chemicals for 
display (colours) and defence as adults 
(Boppre 1984). 

Thus, the relationship between any given 
butterfly species and its host plant is very 
specific. Among all the resources required by 
butterflies that comprise a habitat (Dennis et 
al. 2003 2006; Dennis 2010), the larval host 
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plants are the key resource, being fundamental 
for reproduction. Knowledge of butterfly host 
plants is a prerequisite for any butterfly 
conservation programme. Therefore, it is 
necessary to know the exact needs of the 
immature stages to make conservation 
successful (New et al. 1995). But, knowledge 
concerning larval host plants is still poor in 
the case of many butterfly species, especially 
in the tropics (Kunte 2000). As such, the 
present study focuses on larval host plant use 
in the butterflies of biotopes within the 
confines of Nagpur City, India, building on 
the work of previous scientists. 

In central India butterfly species diversity has 
been investigated by D'Abreeu (1931) who 
documented 177 species within the previous 
Central Provinces (now Madhya Pradesh and 
Vidarbha). In addition to this D'Abreeu 
(1931) provided a list of 92 butterfly species 
from Nagpur city. More recently, 
Pandharipande (1990) has recorded 61 species 
of butterflies from Nagpur city. Several 
objectives or lines of inquiry have been made. 
First, a database has been constructed 
including larval host plants for butterflies 
resident in a range of biotopes within the city. 
Second, an investigation has been made of 
interrelationships between different aspects of 
herb ivory in relation to major taxa (butterfly 
families and subfamilies) of butterflies. 
Finally, relationships have been sought 
between general abundance of butterflies and 
herb ivory (host plant and host use factors). It 
is expected that the population size of 
butterfly species will reflect basic differences 
in their major consumer resources and that 
these differences will extend to contrasts at 
higher taxonomic levels. Such contrasts are 
basic to conservation strategies for the 
butterfly fauna; this study aims to collect 
necessary information for the formulation of 
butterfly conservation management plans. 
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Materials and Methods 

Study sites 

The study was conducted in and around 
Nagpur, central India (20° 99' N, 79° 99' E) by 
one of us (ADT; data are available from the 
first author), between 1 June 2006 and 3 1 May 
2008, as part of a wider study on butterfly 
diversity of Nagpur City. Nagpur is the 
second city of Maharashtra state; it is located 
on the Deccan plateau in central India. The 
original biome in this area was dry deciduous 
forest dominated by Tectona grandis (teak), 
Diospyros melanoxylon (tendu leaves) and 
various species of Terminalia trees. Nagpur 
has a tropical dry equable climate marked by 
three distinct seasons: a very hot and dry 
summer (March to May), a wet season during 
which most of the precipitation occurs with 
the south-western monsoon (June-September), 
and a mild winter (November to February; 
October being the post-monsoon transitory 
period). The total mean annual precipitation is 
-1,1 00mm, the annual average temperature 
27° C, and the annual average humidity 51% 
(Tiple et al. 2009). 

Data on oviposition, larval feeding and 
butterfly numbers were collected from six 
sites in Nagpur (Table 1); the latter were 
obtained from extensive Pollard transect 
records (Pollard and Yates 1993; Tiple et al. 
2009b) over the sites, each divided into three 
transect sections (each 500 m long). The sites 
differ in biotopes (vegetation structure) and in 
resources for butterflies (i.e., occurrence of 
larval host plants, flowering nectar plant 
species and physical structures used for 
oviposition and breeding). The relative 
abundances of butterfly species taken over all 
sites in Nagpur (27,700 individuals, minimum 
15, maximum 1575 individuals per species), 
distinguished where possible by sex, were 
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obtained from the transect records taken 
within confined bounds (5 metre square area) 
walked at a steady pace (Tiple et al. 2009b). 
Although transect counts do not provide 
absolute estimates of butterfly populations 
and, owing to their different biotope 
associations and conspicuousness to recorders, 
are not directly comparable (Dennis et al. 
2006b), the large range in numbers obtained 
for different species are regarded here as 
adequately reflecting relative differences in 
population sizes of butterfly species. 
Oviposition and breeding records, as well as 
nectar use and plant distributions, were 
obtained during independent surveys of the 
same sites (Tiple et al. 2009b, Tiple et al. 
2010). 

Rearing of caterpillars and pupae 

During the survey one of us (ADT) followed 
female butterflies and collected the eggs along 
with the plant parts on which eggs were laid. 
The foliage was also searched, along with 
other plant parts, for eggs and larvae. The 
larvae observed during the survey were 
collected and brought to the laboratory along 
with their host plant leaves for rearing. The 
cages containing larvae were cleaned daily 
before old foliage was replaced by fresh 
leaves. Following larval growth and pupation, 
the pupae were left in the cages undisturbed 
until adult eclosion, when they were 
identified. Although some larvae and broods 
were lost to mortality, larvae were often 
sufficiently distinct to identify to species level 
(Table 2). 

Identification of plants 

The larval host plants were identified and 
noted together with their butterfly larvae and 
adults. Those plants that were difficult to 
identify in the field were preserved by making 
dry herbarium sheet specimens including all 
details of the plants for further identification. 
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These herbarium specimens were identified in 
consultation with Prof. K. H. Makde and Dr. 
N. M. Dongerwar, Department of Botany, 
RTM Nagpur University, Nagpur, and other 
knowledgeable taxonomists. 

Larval host plant variables 

Butterfly species and larval host plants were 
scored for a number of variables considered to 
influence herbivory. Butterfly species were 
distinguished for specificity (phagy) into 
monophagous (feeding on one plant family) 
and polyphagous (feeding on more than one 
plant family) (sensu Veenakumari et al. 1997). 
Butterfly species were also scored for ant 
associations (ant protection versus no 
recorded association) and egg laying batch 
size (1 single or few eggs each batch, 2 small 
batch of 5 to 20; 3 large batch of 20 to 100, 4 
very large batch of eggs each time > 100). 
From a previous survey (Tiple et al. 2009b) 
butterfly species were also scored for joint use 
of plants as a nectar source and larval food (0 
no, 1 yes). Host plants were scored for plant 
growth form or habit (H herb, S shrub, T tree, 
C climber, P stem parasite), biotope (W wild, 
C cultivated, E exotic), abundance (R rare, F 
frequent, A abundant) and perennation (A 
annual, B Biannual, P perennial). Data on 
plant ecotone and edge distributions had 
previously been obtained during a survey of 
mate location behavior. These variables 
include common occurrence of the host plant: 
along herb or shrub track edges, along shrub 
or woodland edges, at rock face or wall, along 
stream or river bank and on hill tops (each 
binary coded, 0 no, 1 yes). 

Analysis 

Multiple correspondence analysis (MCA) has 
been used to examine relationships among 
host plant, life history variables and butterfly 
taxa. For examination of associations 
(correlations) and/or multiple correspondence 
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Figure I. Plant families preferred by the butterflies for larval 
feeding and development. High quality figures are available online. 



Results 



analysis, a number of the variables were 
recoded to binary or ranked scales (plant 
growth form: 1 herb, 2 shrub, 3 tree, climber 
and epiphyte; biotope: 1 wild, 2 cultivated and 
exotic; host plant abundance: 1 rare or 
frequent, 2 abundant; egg batch number: 1 
single/small < 5 eggs, 2 large and very large > 
5 eggs). Significance of direct associations 
within MCA plots is reported as non- 
parametric Kendall's tau (x). Kendall's tau is 
equivalent to the phi coefficient a/(x 2 /N), the 
latter applied to categorical or binary data 
(Siegel 1956). The analysis of butterfly 
population size in relation to host plant and 
host use factors applied a general linear 
regression model with transect counts log 
transformed and the residuals tested for 
normality. 



Larval host plant database 

Of some 145 butterfly species recorded in and 
around Nagpur city, the larval host plants of 
120 species of butterflies belonging to five 
families were identified. Altogether, 124 
larval host plants were listed. A host plant list 
for butterflies is provided in Table 2 and 
attributes for the host plants in Table 3. A new 
larval host plant Chloroxylon swietenia for 
Papilio demoleus was found for this area. 

Among the 120 butterfly species, eight were 
Papilionidae, 17 Pieridae, 46 Nymphalidae, 30 
Lycaenidae and 19 Hesperiidae. Most of the 
butterfly species were monophagous (sensu 
Veenakumari et al. 1997) (24 butterfly species 
feed on only one plant species, 24 butterfly 
species feed on one plant genus and 40 
butterfly species feed on more than one plant 
genus (but confined to one family) n = 88), 
the remaining 32 butterfly species were 
polyphagous (Table 2). The 126 host plants 
include 89 wild (native) plant species, 23 that 
are cultivated, 1 1 that are native but cultivated 
and 3 species that are exotic (plant species 
which are not native to India). The plants 
varied substantially in life form (habit). Most 
are trees (n = 49), followed by herbs (43), 
shrubs (22), climbers (7) and stem parasites 
(2). Most of the plants are perennials (n = 78), 
a smaller number annuals (n = 43) and few 
biannuals. The majority of the plants were 
abundant (n = 88) at the Nagpur sites, but a 
substantial number (n = 27) were not abundant 
and nine plant species were observed to be 
rare. 

Taxonomic associations in host use 

The five butterfly families were found to use 
host plants from 39 plant families at Nagpur. 
No significant differences were found in the 
number of plant families used by butterfly 
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families (x 2 4 = 0.82, p = 0.93). The plants 
belonging to Poaceae (29) and Fabaceae (20) 
families were found to be the most widely 
used by butterfly larvae (Figure 1). Over a 
dozen butterfly species' larvae fed on each of 
these two families in this region. Twelve 
butterfly species fed on plants in families 
Mimosaceae and Caesalpinaceae, nine species 
on each of the Acanthaceae, Capparaceae and 
Malvaceae and six on Euphorbiaceae. The 
larvae of Papilionidae had a preference for 
Rutaceae, Pieridae for Capparaceae and 
Caesalpiniaceae, Nymphalidae prefered 
Acanthaceae and Malvaceae and Lycaenidae, 
Fabaceae and Mimosaceae. Both 
Nymphalidae (specifically the subfamily 
Satyrinae) and Hesperiidae had a preference 
for Poaceae (Table 2). Other butterfly families 
overlap in the use of host plants from the same 
plant family but to a lesser extent (Table 4). 
Among plant species, the grasses were an 
exclusive larval host for 13 butterfly species, 
followed by Barleria prionitis for nine 
species, Capparis zeylanica for six species, 
Sida cordifolia for five species, and Bambusa 
spp., Calotropis gigantean, Hibiscus spp., 
Pongamia pinnata and Tephrosia purpurea 
each for 4 butterfly species. 

Associations among host plant and 
butterfly biology variables 

Associations among the host plant variables 
are presented in Table 5 and Figure 2. The 
multiple correspondence analysis (Figure 2) is 
based on integer codes and weighted over 
different host plants, whereas conservative 
estimates of significance for Kendall's x have 
been calculated over the means of ranks for 
species. Ignoring Bonferroni corrections 
some 29 of 87 correlations were significant; 
19 of 78 with use of a Bonferroni correction. 
As expected, larval host plant life form (habit) 
is closely associated with plant perennation as 
a consequence of higher growth forms (trees) 
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Figure 2. Multiple correspondence analysis of larval host plant 
attributes for Nagpur butterflies. Axis I 28% inertia, axis 2 1 6% 
inertia. Active variables: host plant life form (large open circles), host 
plant biotope (large closed circles), host plant abundance (open 
diamond), host plant perennation (large closed squares), landform 
affiliations including tracks through herbs/shrubs [Herb track], Shrub- 
wood edge [Wood edge], rock face, stream banks and hill top (small 
open circles); supplementary variables: host plant used as nectar 
source [nectar use] (closed diamond), phagy (open triangle), egg 
batch size (small open square), ant association [Ants] (cross), taxa 
(subfamilies) (large closed triangles): Papilionidae (Papilioninae), 
Pieridae (Coliadinae, Pierinae), Riodinidae (Riondininae), Lycaenidae 
(Polyommatinae, Theclinae), Nymphalidae (Nymphalinae, Satyrinae, 
Limenitinae, Danainae, Charaxinae, Heliconiinae), Hesperiidae 
(Hesperiinae, Pyrginae, Coeliadinae). Analysis weighted by numbers 
of host plants. The arrow indicates increasing trend in vegetation 
succession for sites. High quality figures are available online. 



being perennials. Higher growth forms are 
also significantly associated with shrub-wood 
edges. Lower growth forms (herbs) are more 
closely associated with stream banks, hill tops 
and rock faces. The simple biotope division of 
wild versus cultivated host plants produces 
different associations; wild plants are 
associated with hill tops and paths through 
herbs. Larval host plant abundance increased 
on hill tops, rock faces and stream banks. 
Perennials were associated with shrub and 
woodland, including shrub-wood edges, 
whereas annuals increased on rock faces, 
stream banks and hill tops. Plants used as 
nectar sources tend to be higher life forms 
(shrubs and trees), but this relationship was 
significant only when species were weighted 
for numbers of host plants (Kendall x = 0.13, 
P = 0.0035, n= 233). 
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Figure 3. Comparison of transect counts for butterfly families 
(means for species) at all sites. High quality figures are available 
online. 



Egg batch size and ant association increased 
significantly with polyphagy, the latter case 
was significant after Bonferroni correction. 
Ant association also increased with perennial 
taller plants, but decreased for plants at the 
shrub-wood edge. 

The relative use of annual plants was found to 
increase with the number of host plants on 
which species were found (relative frequency 
of annuals and biannuals to total plants, 
Kendall x = 0.12, P = 0.048, n = 120). The 
relationship was stronger when species were 
placed into two groups, those using one host 
plant and more than one host plant (Kendall x 
= 0.17, P = 0.007, n = 120). Some 14 of 48 
species feeding on only a single host plant 
used annuals (29.2%) whereas 39.7% of 
plants used by butterfly species feeding on 
more than 1 plant were annuals. 

Taxonomic contrasts in host use and 
herbivory 

Significant contrasts among butterfly families 
occur for host use of different host plant life 



forms (x" 



(4) 



36.60, P < 0.0001), biotopes 



(X ( 4) = 40.83, P < 0.0001), host plant 
perennation (xV) = 21.60, P < 0.001) but not 
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for host plant abundance (x 2 (4) = 3.99, P = 
0.40). Nymphalidae and Hesperiidae used 
more herbs than expected, whereas 
Papilionidae and Lycaenidae used more trees 
and Pieridae more shrubs than expected. An 
excess of Nymphalidae and Hesperiidae host 
plants occured wild compared to an excess of 
Hesperiidae and Papilionidae that were 
cultivated/exotic. Corresponding with these 
contrasts, an excess of Nymphalidae and 
Hesperiidae used annuals/biannuals, whereas 
Papilionidae, Lycaenidae and, to a lesser 
extent, Pieridae, used more perennials than 
expected. Families also differed for host 
specificity (phagy) (x 2 ( 4 ) 9.75, P = 0.045) with 
Hesperiidae having a significant tendency 
towards monophagy and Lycaenidae towards 
polyphagy. Finer taxonomic divisions 
(subfamily level) occur as illustrated in Figure 
2. 

Landscape contrasts among host plants for 
butterfly families occured for stream banks 
(X 2 ( 4 ) = 29-19, P < 0.0001) and hill tops (x 2 (4) 
= 11.63, P = 0.02) but not shrub-wood edges 
(X 2 ( 4 ) 8.83, P = 0.065). An excess of 
Nymphalidae and Hesperiidae host plants 
were found on stream banks, and a deficit of 
host plants belonging to Papilionidae and 
Pieridae. Hill tops had an excess of Pieridae 
and Nymphalidae host plants and a deficit of 
Papilionidae and, to a lesser extent, 
Hesperiidae host plants. The number of 
absences were too small for a comparison of 
host plant occurrence along tracks through 
herbs and shrubs for all families, but an excess 
of Hesperiidae occured along tracks compared 
to those of Nymphalidae and Lycaenidae, the 
latter two not differing in frequency (x 2 (i) = 
10.70, P = 0.001). 

Numbers were too small for tests of host plant 
nectar use by adults and egg batch size, 
although eight of 13 species producing large 
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egg batches were Pieridae. All 26 species with 
ant associations were Lycaenids. 

Butterfly abundance and herbivory 

A comparison of log transect counts taken 
over all sites indicates no overall distinction in 
transect counts among butterfly families (F (4> 
us) = 1.83, P = 0.13) although a Fisher LSD 
post hoc test produced a significant difference 
between Hesperiidae and both Papilionidae (P 
= 0.033) and Pieridae (P = 0.0028) (Figure 3). 
Transect counts correlated significantly with 
five host plant and herbivory related variables 
(Kendall x, number of host plants 0.37 P < 
0.0001, phagy 0.23 P = 0.0002, egg batch 
number 0.21 P = 0.0008, tracks through herbs 
0.19 P = 0.003, stream banks -0. 18 P = 
0.004), with numbers increasing except at 
stream banks. In general the regression model 
of log transect counts against all host plants, 
life history and herbivory variables (stepwise 
forwards entry) two variables accounted for 
significant amounts of variation, the number 
of host plants and tracks through herbs and 
shrubs (F ( ii7) = 20.04, R 2 = 0.26, P < 0.0001) 
(Table 6). 

Discussion 

The basic objective of the Nagpur study was 
the construction of a database on resources for 
butterflies to further their conservation (cf, 
Dennis et al. 2008). A database allows 
progress in two important areas. First, it 
supplies firm information on resources and 
resource use by butterflies; secondly, it 
provides the means for identifying taxonomic 
contrasts for and interactions among life 
history and ecological variables to ensure that 
resources are allocated in an efficient, holistic 
manner to conserve and build butterfly 
communities in suitable sites. The current 
paper on larval host plants and herbivory is 
the fourth in the study, the former three 
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exploring adult feeding and population 
dynamics (Tiple et al. 2009a, b) and mate 
location resources and resource use (Tiple et 
al. 2010). Larval host plants are the prime 
consumer resource. Without them, butterfly 
species are incapable of building populations. 
The current study identifies 124 host plants 
for 120 butterfly species and documents 
aspects of host plant life history. The outcome 
has been the disclosure of substantial, 
significant differences in host use and 
herbivory among higher taxonomic units 
(families), important links between host plants 
and herbivory variables and insights into 
contrasting population abundances among 
species. 

Resources and resource use 

The study has focused on collecting 
fundamental information of butterfly 
resources within Nagpur City, India. Data on 
the other vital consumer resource, nectar 
flowers (Tudor et al. 2004) have already been 
reported (Tiple et al. 2006, 2009b). Basic 
information has been collected on host plant 
life forms, basic biotopes, perennation, 
abundance, and host plant ecotone/edge 
distributions. Of 126 larval host plants, most 
were trees (49) followed by herbs (43), with 
fewer shrubs (21), climbers (7) and stem 
parasites (2). Regarding basic biotopes, 89 of 
the larval host plants were plants growing 
wild, 23 were cultivated, 1 1 originally native 
now cultivated and 3 exotic plant species. 
There was a clear ranking in the importance of 
different plants for butterfly species. The 
plants belonging to Poaceae (29) and 
Fabaceae (20) families were found to be the 
two most widely used by butterfly larvae. 
With regard to perennation, 76 plants were 
perennials, 43 annuals and 5 biannuals. The 
host plants of most species (n = 88, 70%), 
from a simple audit, were found to be 
abundant, but a substantial number (n =27) are 
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less so (frequent) and nine plant species were 
recorded as rare in and around Nagpur city. 
Out of 120 butterfly species, 88 butterfly 
species were currently found to be 
monophagous and remaining 32 butterfly 
species were polyphagous, for the strict 
criteria of plant family level distinction. 

The prominence of particular plant families as 
butterfly host plants, in part, reflects the 
overlap in their use by species of different 
families. Thus, Poaceae are important for both 
Hesperiidae and Nymphalidae (Satyrinae), 
and the Fabaceae by species of both 
Lycaenidae and Nymphalidae. Veenakumari 
et al., (1997) also reported that Poaceae and 
Fabaceae were found to be the most widely 
exploited plant families by butterfly larval 
stages in the Andaman and Nicobar islands. 
Ackery (1991) also found the Poaceae and 
Fabaceae to be the predominant larval host 
families. The Poaceae were dominant; the 
grasses were an exclusive larval host for 13 
butterfly species followed by Barleria 
prionitis (Acanthaceae) which caters for nine 
butterfly species. 

The dominant use of perennial plants at 
Nagpur is not surprising. Soloman Raju et al. 
(2003) made similar observations on Andhra 
University campus, Vishakhapatnam, where 
butterfly species showed preference to 
perennial plants. This observation is strongly 
favored by annual conditions of growth for 
higher, woody plants; at the beginning of 
summer (December - January) perennial trees 
shed their leaves and sprouting initiates at the 
same time. The young leaves survive the hot 
summer and at the onset of monsoon (June- 
July) trees produce luxuriant growth in terms 
of leaves until the following dry season and 
leaf loss. The number of annual plants used at 
Nagpur is high compared to that found in 
temperate butterfly communities (Kemp et al. 
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2008). This is not surprising. Climatic 
conditions of Nagpur city are almost ideal for 
butterfly development and the continual 
production of annual plants on disturbed 
ground given sufficient moisture; this 
provides better opportunities for butterfly 
species to lay their eggs during all seasons and 
increased chances for the survival of larval 
stages. The inclusion of 43 annual plants in 
the host plant resource bank for species 
highlights the role of smaller, native plants 
growing wild in comparison to perennial trees 
for supporting the life cycle of butterflies. 

The frequency of monophagous species (73%) 
in the current study is high and it is expected 
that supplementary host plants may be found 
in future studies within the study site. 
However, Soloman Raju et al. (2003) and 
Veenakumari et al. (1997) produced similar 
findings and reported that most of the 
butterfly species were monophagous and very 
small number were polyphagous. Monophagy 
has potentially serious implications for 
conservation; in the absence of supplementary 
host plants, monophagous butterfly species 
depend on abundance and ubiquity of the sole 
host plant. In fact, as expected from resource 
theory (Dennis 2010), butterfly species that 
were polyphagous had more host plants 
(Kendall x = 0.51, P < 0.0001) than those that 
are monophagous. They may well have 
greater overall abundances of host plant cover 
regardless of differences in mean abundances 
among the actual plants. In the Nagpur study, 
mean abundance of host plants was greater for 
polyphagous species than monophagous 
species but not significantly so (mean 1.86 
versus 1.76, medians both 2.0; Kendall x = 
0.07, P = 0.24, n= 120). 

Taxonomic contrasts in host use and life 
history 
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Although overlap amongst higher taxa 
emerges in larval host plant use, thus in host 
plant attributes and landscape associations 
(e.g., Satyrinae and Hesperiinae in use of 
grasses and herb rich areas), more notable are 
contrasts between higher taxa for host use and 
herbivory. Such are the bias of plants in 
Nagpur; Nymphalidae and Hesperiidae to herb 
rich areas and Papilionidae, Lycaenidae and 
Pieridae to shrub-rich and tree-rich biotopes. 
This distinction at Nagpur corresponds to an 
excess of Nymphalidae (Satyrinae and 
Nymphalinae) and Hesperiidae (Hesperiinae) 
host plants occurring wild and being annuals 
compared to an excess of Hesperiidae 
(Coeliadinae) and Papilionidae host plants that 
are cultivated/exotic and perennial (Figure 2). 
Species belonging to different families 
contrast for life history attributes. Obvious 
ones include differences for host specificity 
(e.g., tendency for Hesperiidae to be 
monophagous and Lycaenidae to be 
polyphagous), egg batch size (e.g., more 
Pieridae have large egg batches) and ant 
association, which is restricted to the 
Lycaenidae. These differences are 
compounded by associations between 
vegetation, landscape and life history 
variables. For instance, perennation was 
correlated with life form (plant habit) and both 
life forms and basic biotope distinctions (wild 
versus cultivated plants) have distinct links to 
vegetation structures and landforms: wild 
plants with hill tops and tracks through herbs, 
cultivated plants with shrubs, trees and wood 
edges. Among life history variables, egg batch 
size and ant association were found to 
correlate with phagy (polyphagy), though the 
former was not supported by a Bonferroni 
correction of significance. Such contrasts 
translate into zonation of higher taxa within 
distinct landscape elements, with an excess of 
Nymphalidae and Hesperiidae host plants 
along stream banks, Hesperiidae along tracks 
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through herbs and shrubs, and Pieridae and 
Nymphalidae host plants on hill tops. These 
differences produce heterogeneity in butterfly 
communities for different landforms and 
vegetation structures and are of paramount 
importance in planning conservation measures 
for butterflies within the city confines. 

Factors influencing butterfly population 

sizes 

A prominent area for research is investigation 
of factors that underlie general differences in 
population sizes among species. An 
examination of the different factors affecting 
population sizes over the different sites in 
Nagpur City will be the subject of a later 
paper. Here, we consider the factors briefly 
that influence overall differences in 
population size among species. There is an 
assumption that transect counts accurately 
portray differences in population size. As it is, 
transect counts are affected by 
conspicuousness of species to recorders and 
this can potentially affect counts along 
transects (Dennis et al. 2006b). 

Even so, two life history variables clearly 
have an impact on transect counts: egg batch 
size and host specificity (phagy), which are 
mutually correlated. Species which lay larger 
egg batches and feed on plants from different 
families, have larger transect counts and very 
probably have larger populations. The latter 
variable, phagy, also correlates closely with 
number of host plants used (Kendall x = 0.51, 
P < 0.0001, n = 120). The number of host 
plants has been found previously to be a key 
variable in population size in a temperate 
context, accounting for 22% of the variation 
in transect counts (Dennis et al. 2004 2005). 
This is not surprising; supplementary host 
plants provide a sound theoretical basis for 
increased population size (Dennis 2010). 
What is interesting is that none of the other 
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life history, herbivory or vegetation landscape 
features account for much additional variation 
once number of host plants has been entered 
into regression equations (tracks through 
herbs, an additional 4%); it is at first 
surprising that there is no significant effect of 
differences among butterfly families or that 
host plant abundance does not have a 
significant influence. Although, differences in 
conspicuousness of species to recorders may 
account for some additional variation, it will 
not account for the unexplained 73% of 
variation. Previously, Dennis et al. (2004) 
have pointed to the importance of other host 
plant life history factors that it has not been 
possible to assess in the current study; it is 
worth investigating if host plant strategies 
drive butterfly status in tropical regions and 
ascertaining the prominence of the C-S-R 
strategy model for plants (Grime 1974 1979; 
Price 2002; Hunter 2003) in this urban area. It 
also has to be recalled that in a resource-based 
definition of habitat that butterflies use other 
resources and will spread over other areas to 
gain adult food, to mate, roost and engage in 
other resource exploitation (Dennis 2010) 

Implications for conservation 

Not all butterflies at Nagpur have the same 
conservation status. Among the 120 butterfly 
species 20 species come under the protection 
category of the Indian Wild Life (protection) 
Act 1972. Among them Neptis jumbah, 
Actolepis puspa, Amblypodia anita, 
Pachliopta hector, Lethe europa, Neptis 
columella, Castalius rosimon, Hypolimnas 
misippus are addressed under schedule I of the 
act. The species recorded which come under 
schedule II are Eurema andersonii, Appias 
albina, Euthalia aconthea, Cepora nerissa, 
Pareronia Valeria, Melanitis zitenius, 
Euchrysops cnejus, Lampides boeticus, 
Jamides celeno, and those recorded which 
come under schedule IV are Appias libythea, 
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Tarucus ananda, Euploea core (Gupta and 
Mondal 2005; Kunte 2000). Their persistence 
at Nagpur is undoubtedly dependent on the 
maintenance of reported larval food plants. 

Of the 20 butterfly species under the highest 
protection category, 10 species are 
monophagous {Pachliopta hector, Eurema 
andersonii, Appias libythea, Appias albino, 
Pareronia Valeria, Melanitis zitenius, Lethe 
europa, Neptis columella,, Tarucus ananda, 
Amblypodia anita) and the remainder 
polyphagous {Cepora nerissa, Neptis jumbah, 
Euthalia aconthea, Hypolimnas misippus, 
Euploea core, Castalius rosimon, Actolepis 
puspa, Euchrysops cnejus, Lampides boeticus, 
Jamides celeno). The plants for the 10 
monophagous butterfly species are abundant 
with the notable exception of Aristolochia 
indica. One of the primary factors likely 
responsible for the healthy status of butterflies 
at Nagpur is that 88 larval host plants were 
found to be abundant; diversity for larval host 
plants, especially wild plants in natural 
contexts, is undoubtedly a key variable in 
maintaining butterfly diversity within the city 
area. It is inevitable that there has been a 
decline in both larval host plants and nectar 
plants in Nagpur City during its recent 
development. During last decade the 
dimensions of the city have doubled 
threatening the loss of natural biotopes of 
butterflies. Urban development is expected to 
have a deleterious impact on butterfly 
populations, if only because the construction 
of buildings, tarmac and concrete replaces or 
reduces the area of natural and semi-natural 
biotopes. The quality of residual habitats may 
also be adversely affected by various forms of 
pollution (Tiple et al. 2007; Tiple and Khurad 
2009). The main message is a simple one: as 
wild plants are crucial for maintaining 
butterfly diversity, it is vital to conserve them 
and their biotopes; identifying relationships 
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between butterfly taxa and host plant variables 
(Figure 2), as done for butterfly taxa and 
nectar flower variables (Tiple et al. 2009b), 
provides a useful foundation for generating 
'green spaces' for butterflies within the city 
environment. Expanding suburbia, more 
intensive development of agriculture land and 
plantation of exotic species, are all significant 
threats. 

Many butterfly species come under direct 
protection. Yet, not all rare species are 
formally protected and may well require 
protection following a reappraisal of their 
status. We consider this a matter of urgency. 
Knowledge of their larval host plants and 
other resources, the development of a resource 
databank for species (Dennis et al. 2008), will 
take us at least part of the way in formulating 
effective conservation management programs 
for them. 
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Table I . Sites for data collection in Nagpur City, India. 



Sites at Nagpur 


Description of sites 


Site 1 

Seminary Hills (SI -S3) 
(north-west Nagpur) 


Natural forest type vegetation. Tectona grandis (Teak) is the dominant tree species with Ionian 
comero as dominant weed (67 ha). BG 1 1 .7. HS 23.3. HT 1 S.0, SH 30.0. PCF S O, CF 0.0. 


Site 2 

Satpuda botanical Garden 
(BI-B3) (west Nagpur) 


Hill and lake country (Futala) with mixed vegetation comprising ornamental, fruit plants, scrub, 
grassland: some part with natural forest dominated with Lantana spp , (25 ha). BG 8.3, HS 18.3. 
HT 31.7. SH 31.7. PCF S.0.CF5.0. 


Site 3 

Agricultural Land. Bull Rearing 
Center (LI-L3) (west Nagpur) 


Vegetation is mixed; cultivated fodder plants (e.g.. Barseam and Jawar), wild forest plantation, 
scrub and grassland for grazing (44 ha). BG 3.3. HS 25.0. HT 45.0. SH 23.3. PCF 3.3. CF 0.0. 


Site 4 

RTM Nagpur University 
Campus and Laxmi Narayan 
Institute ofTechnology (LIT) 
Campus (UI-U2) (west 
Nagpur) 


Vegetation is mixed: ornamental plants near buildings, natural plantations in some areas, the 
rest of the area with scrub and extensive grasslands (89 ha). BG 8.3. HS 28.3. HT 33.3, SH 
25.0. PCF 1.7. CF 0.0. 


SiteS 

Ambazari garden and bare 
land at Lake Side (AI-A3) 
(west Nagpur) 


Ornamental, flowering plants, forest, scrub and grassland (6 ha). BG 1 3.3. HS 25 0. HT 25.0. 
SH 30.0. PCF 3.3. CF 3.3. 


Site 6 

Sides of National Highway (Rl- 
R3) (south Nagpur) 


Ornamental flowering plants along the roadside and along an accompanying track (2 ha). BG 
3.3. HS 18.3. HT 35.0. SH 43.3. PCF 0.0. CF 0.0. 



'Biotopes: sere I BG bare ground dominant, screes, slopes with scarce 
herbs/grasses 

sere 2 HS short herbs/grasses 

sere 3 HT tall herbs/grasses and scattered shrubs 

sere 4 SH shrubs and invading trees 

sere 5 PCF pre-climax forest; 

sere 6 CF climax forest with regeneration patches. 

Vegetation cover (%) given as average for the three sections at each site. 
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/ Table 2. Butterfly species larval host plants and their specificity (M- monophagous and P- polyphagous). 
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Butterfly species 


Host plant 
specificity 


Plant Family 


Larval ho it plants 


Family- Papilionidae 








Pachiopta arntolochiae 


M 


Anstolochiaceae 


Anstohchm indico 


Pochiapla hector 


M 


Anstolochiaceae 


Amiohchio indico 


Crap/™ri i doson 


P 


Annonaecae 


rWytotrt«3 lonp/blio 






. ... , 


■ . i, 


Gropniurn ogamemnon 


p 


M ipw i aceM 


AVIipJia cliampaco 






Annonaceae 


Pdylothia (onp/blia. 


Graph urn nom us 


M 


An nonaccac 


PolylDfhia lonpfolia 


Poprfpo de mofeus 


p 


Rutaceac 


Miirroyo toenifi. Grim \pp.At£!e rji.irrncJos 






Flindersiaceae 


Oi'aroiylon iwflfiuo 


i; 


M 




Aegle marmpfoi. Citnii ipp.; Wuiraya kocngii. Rum gravrolrns 


Popiio polymnnf or 


M 


Rutaceac 


MujfOyO fawmpi. Otfii! (pp. 


Family- Pleridae 








Caropulio pomono 


"p 


o, plllp)n , aceje 


Caiiio /iilulo .Casira iia»iea.Cosiia loia. Bauhmio rocetnosa 






fabaceae 


Sutca frondoso 


CotopsJJio pyfanuSe 


M 


Cacsalp.n.accac 


Cana fistula. Cassia tora 


Euitma brtgitfo 


M 


Cacialp.maceac 


Cassia ipp 


Eurema taeta 


M 


Oeialp.nuce.ie 


Caw*> pu/wfa 


Eurrnia ondrrsonn 


R 


C ,-,■[.,::,,;,,, 


Cassia ipp 


Eufefnri rtecabe 


p 


Cacsalp.niaccac 


CasMi fistula. Cass« t»a 






H.mo»<we 


Acufni spp ; Pttlwolotmiin diikt 


>!.'■ !i„;. ! 


*p 


v,. 


Cassia spp , Delanii irpa 






Mimosaceae 


ofciiM ipp . ftthecofobnim duke 


Delia! cue farts 


M 


Loranlhaccac 


DcndfDphliioe folcala 


Cepofo neraia 


M 


Capparaccac 


Oeome vacate, Cappatn leyfavuca 


Arwphaeis ourola 


M 


Capparaceae 


Cleome viscose; Copparis reyfomca 


Afp.itl lit,,1lico 


M 


Capparaceae 


Coppons ieylomico 


si aft na 


M 


L ;: hoi :■ ictat 


Eu| hi tbia sp p 


CoJorjs elndo 


M 


Salvadoracese 


Salradoru pcsiCO 


l.ins pyrcnr 


M 


Capparaceae 


■ ■: 


CoJow da not 


M 


Capparaceae 


Opomc v(5toic, Cappons ieylanica 


bias Marianne 


M 


Capparaceae 


Maprua ootonf ifbho 


Poreror»a Valeria 


M 


1. iyf r. ■ 


Coppafrj leylanfco 


Family- Nymphalidae 








Mdcnrtis letto 


M 


Poaceae 


Sorjhuni spp., Crosses; Zea mayi.Apulda moloca; Ehiunc corocona 


■'• ' 'j . in !.s I *-.■■ ui 


1-1 


PoaTc"^ 


Bambujo spp 


.'i ■ i phedima 


M 


Poaceac 


Afxtlda miitaco. Elusine torocono 


Le !ne curopo 


M 


ftat^e 


Samba so spp 


Lcthc raflno 


M 


Pa3CB , e 


Sambas o spp. 


Mycaitvs perseus 


M 


PoJCCJC 


Apulda mmoco. Oasmc Corocon; Sorjhum ipp 


M,l, '■ | . ril ■■! 


H 


Po3ctie 


' 


Mycahta subdiw 


M 


Po3ceje 


5^; 


Mycatem igiba 


M 


p OJCeje 





MycdesJS tisoJo 


M 


Poaccac 


Grasses 


MytoJcsis f>oni«D 


M 


Poaceac 


Sambas a spp. 


Orsot/KJnea medus 


M 


Poaceae 


Imperola ipp.; Oiyja sotira 


f*pl 10 orrcropr 


M 


p Qlctae 


GraiTel 


Tplhmo huebnen 


H 


p OJear 1 


G^sTel 


ypOiimo in.ta 


M 


PoVt,^ 


Craisci. Cynodon daftylon 


Y'.t'ii in i:-.. J 


M 


Poaceae 


Gran es; Cynodon dottylon 


rbryuroalharmH 


p 


saapacs; 


Ddonu regie 






Mimosaecac 


Acacia spp 


Oiofoios poly if no 


P 


Caetalp.nu.ceae 


rnmo/iad»s inaka 






Fabaceae 


Dfllbe'gifl spp. 


Ch of ares soton 


H 


Caeialp.nu.ceac 


Baa^iinio roccmosa. Tarn a/indus maVa 


Acrata nolo* 


p 


Capparatcac 


HyNinUius ennaespemius 






Pajiifloraccie 


Pawflora focudo 


n, ■ r, 


M 


Hacoui Ii.kiL'.ic 


',. 


Neptii columella 


M 


fabaceae 


Dallieffia spp 


NcpJis jumboh 


p 


Fabaceae 


Dclbtrpa spp ; Ponganua pmnala. 






Malvaceae 


Httuseus spp 


Nepiij hyJoi 


p 


Fabaceae 


Dalbergia spp . Pongonno glabra 






Rhamnaccae 


Z..-yf.ri .. r ! . 


fllnymo perrus 


M 




Ph) anfhui bp^ 


MwJulO pnxm 


M 


Rubaccae 


M 1 .: fjjrviJMo 


Eull i:'-: rn onil ra 


1-1 


Ana'cardiaccae 


Ai . 'f 'i ■. -i. 


Euthato nais 


M 


apterocarpaceae 


Shorro vabuan 


8 r Wia ilithyM 


M 


Euphorbiaccae 


Trapo invo/ucrtne. Trapa pJakenW 


Anodne flnodne 


M 


E pv..t 


RiOfHfl tarnmuna.Tro[ia mofcicrole: rropo plukenoi 


Ariadne merwne 


M 


Euphcrbiaceae 


Riantti (ommuw; Trajio mvofuc/ote. rrogu pMurntu 


/anomn hicfia 


P 


Acanthaceae 


Boflerio priorwis 






Malvaceae 


Sida cordifolia 




p 


Acanchaccac 


Barter <a prionibs 






M-mosaccae 


Mimosa pudca 






Malvaceae 


Sida cordjfbJia 


junonio Jcmomoi 


P 


Acanthaccae 


Boflcria prion IDs 






W .,i MCCJt . 


■■ ■ ■ ■ '■■ 


Junonia almanac 


"p 


Acanchaceae 


Baflerio pfionrus 






Malvaceae 


Sida cordifolia 






Vcrbcnaccac 


f!:; 


JufMWJio elides 


M 


Acanlhaceae 


So'lrra pnamlis 


Junoma iplwa 


p 


Acanchaceae 


Bailer jo prion (lis 






Makaccac 


&da cordifaJia 


Cynlhiocordai 


M 


Aturaccac 


Artemva spp..6Vumea tppMhrnapt Knl naius 


HypofcmncJi bofma 


P 


Acanihaccac 


Sarlfia pnan.M 






Malvaceae 


A baa/on indnum, H*is(us spp 


Hypa/rmnas mwppus 


p 


Acanthaccae 


Barlerw priorvw 






Malvaceae 


Abutihn mdKum. HAuscus spp 


Tirumafo limnioce 


'■' 




Cotolroprs gijanreon. Colaux/pn pracer o, Dregeo voluMri 


Tirumoto iepltnuiona 


M 


Aiclepiadaceae 


Cijloirepii gitjanleon 


Do nous chrysrppus 






Colotropis gigoaican. Ceropepa spp 


Donaul fcnu'tja 




Asocp adaccac 


Cafatropn f isjarrteu, Ceropegia spp 


Euptoeo core 






Bar If "0 priomlJS 






Apocynaccae 


Ncrrum odo'uni 






Penplocaceae 


Hemidesmui mcicuj 






Moraccae 


Ficus bofhalenio; Fici/s rekgioso 


Euploea Wugn 




Moraccac 
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Family- Lycaenidac 








Aboard echenui 


M 


HfrvKtM 


bnbeta rooujto 


,..m ■ 1 '■ 1 1 1 1 ■ 


M 


:-: , 


Ziiyphus maurniana, Zizyphui oenop'oe-n 


Tomcus ancndo 


M 


Rhamnaceae 


Zizyphus spp. 


Toman nara 


M 


Rhamnaccae 


Zizyphus spp. 


Tattcoda nyseus 


M 


Craisulaceac 


Katonchoe pinnobj 


Leptotes plimus 


P 


Fabaceac 


Indigofero i pp. 






Mimosaceae 


Mimosa sp p 






P1umba K ,nacc-ac 


Plumbago leyJonica 


Azanui uboltfus 


P 


Mmim 


TepfiioiJO purpurea, ByXhrmo mdKO 






Mi nosace.ie 


.'-II ■ >•-'• i - 


loctumio 


P 


Fabaceae 


TepdrosJo purpurea; Erythrma indka 






Mimosa ccao 


Abizua lebbeclk 


fltloltpJi puspo 


P 


Fabaceac 


Porototyx scarioso 






Sapindaceae 


Schhechera o/eosa 


rSuedozizrtna mono 


P 


f ibaceae 


Tephrosjo purpurea 






Vcrbenaccao 


lonlar.0 Comoro 




P 


A"l.' ■ .11-1 H l-.U; 


Amaranth us Spinas u) 






Verbenaceae 


Lonwna Comoro 


Zizina ads 


M 


Fabaceac 


, orpin mginofrs; Sesbonio biipinoso, Zomia gibbasa 


Zizuto nyliw 


M 


Verbenaceae 


Laniona camera 


Cbilodei 'oiui 


M 


Rutaceac 


Citrus limon. Onus sinensis 


On (tides pnndaro 


P 


Cycadaceae 


Cycoi /evduie 






MimosicGit 


■'■(■ spp. Althzzia leubcck 


Clii fades frocrijfJuj 


p 


Fabaceac 


/ndigofera spp .Pijum scMj»um;Vieia spp 






0« ■ i ■ 


On ' ■ Ifr Lll.'l [rl 


Eucfiryiopi aiejus 


P 


Fabaceac 


Tcpfirosjo purpurea: Lrylbrina inaVea 






M.mosaccae 


Abizzm febbecfc 


Oj'acrirysops llrabo 


M 


Fabaceac 


Tephfouo purpureo. Ouj^irao oojeincnsrs. Desmoid urn spp. 


lompioes boetKut 


M 


Fabaceac 


E/ythnno spp . ftuieo ipp. 


Jflrrudei bocbus 


M 


Fabaceae 


Suleo monospermo; PDnjOfiiin pmnolo. Crodilorro spp 


Jurrwdcs ccJeno 


M 


Fabaceac 


fluleo mofKisperma. ftwfomicj pmnala. CnXalana spp 


Nocodiibo poctorfus 


M 


Fabaceac 


E/Hnda spp. 


Nacaduba berot 


M 


Caesalpinaccac 


Moulovo spvtolo 


Prosotos nora 


M 


Mimosaceae 


Acacia catechu. 


Spindasis vulconus 


M 


Rhamnaceae 


Zriypbus mouiDjana; Zizrphus rugoso 


Spindosis Jctra 


M 


Loranthaccac 


Dcndraprrlnoe ipp 


Rap<tto airbus 


P 


Combrcuccac 


Quaauobt mdica 






Mimowceae 


Acacia spp 


Arrjapalo amanies 


M 


Combretaceae 


Tefnunoria otolO. rerminoiia cotoppa 


Ropola maneo 


P 


Combrctaccac 


QusquaDs mdica 






Mimosaceae 


Acacia pennata 


Ambiypodm omio 


M 


Olacaceae 


Ola< scandens 


Fiimily- Hcspenidae 








H OOT ehromw 


P 


Euphort aceac 


fuonul communrs 






Fabaceac 


Derm tcandens; PoriSOrmo pinnaw 


Hasorr. 


M 


Fabaceae 


i>rr - 


Psuedocotodcnia dan 


M 


Aniaranlhaceae 


Acli/ranrhes aspera 


Odonlopolum /onsonnctl; 


M 


Sterculiaccac 


Heliclcres rsora 


Spiaho gaJba 


M 


Malvaceae 


Hibuscus spp . Suia rhombtfolias 


Udaspcs folus 


M 


Zingiberaceae 


Curcuma spp , He dyrhmm spp ; Zngrber spp. 


Suasrus grcmius 


M 


Arecaceae 


Cocoi <■ , ■ ■ j;Arcca cu(ccfiu 


SuOSlu, roma 


M 


Arecaceae 


Polms 


Teroaroctra moevius 


M 


Poccae 


Cm 


Toroclrocero ceramcs 


M 


Poccae 


Oryza saum and grasses 


Telicolo anotto 


P 


Arecaceae 


Cocas noafcra 






Poaceac 


Soccborum spp 


TtlKOlo colon 


M 


Poaceac 


Soccborum officinarum; tmmbooi 


Petopidas mailiHii 


M 




-. 1, .'. 


Pefapidoi tonjuctu 


M 




Sorghum spp.,Zeo mayi 


Poryiremis fubricans 


M 


Poaceac 


impcrotd spp 


= . ' r .■ ■ 


M 


Poaceac 




Borbo cinnara 






Cymbopogon martini, grasses 


florbo bpvom 


M 




fmperata cyttndnca, Soccharum spp. 


Cottons kiini-urc 









V J 
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Table 3. Larval host plants, their habit, habitat, abundance and perennation (A- abundant, F- frequent, R- rare). 



Plant species 


No. of butterflies 


Habit 


Habitat 


Abundance 


Perennation 


Acacia spp. 


4 


Tree 


Wild 


A 


Perennial 


Abulihn indicum 


2 


Herb 


Wild 


A 


Annua 


Acacia catechu 


! 


Tree 


Wild 


A 


Perennial 


Acacia pennata 


1 


Tree 


Wild 


A 


Perennial 


Achyranthes ospera 


1 


Herb 


Wild 


A 


Annua 


Aegle marmeht 


2 


Tree 


Wild 


A 


Perennial 


Albizia spp. 


1 


Tree 


Wild 


A 


Perennial 


Albizzia lebbeck 


4 


Tree 


Wild 


A 


Perennial 


Atysicarpus vaginalis 


1 


Herb 


Wild 


A 


Annual 


Amaranthus spinosus 


1 


Herb 


Wild 


A 


Annual 


Anocordium occidental 


1 


Shrub 


Cultivated 


F 


Perennial 


Apluda mulaca 


2 


Herb 


Wild 


A 


Annual 


Areca catechu 


1 


Tree 


Cultivated 


F 


Perennial 


Anstolochia indica 


2 


Climber 


Wild 


F 


Perennial 


Artemisia spp. 


1 


Herb 


Cultivated 


F 


Annual 


Bamboo 


1 


Tree 


Wild/Cultivated 


A 


Perennial 


Bombusa spp. 


4 


Tree 


Wild 


A 


Perennial 


Barleria prionitis 


9 


Shrub 


Wild 


A 


Perennial 


Bouhinia racemosa 


2 


Tree 


Wild/Cultivated 


A 


Perennial 


Blumea spp. 


1 


Herb 


Wild 


A 


Annual 


Butea frondosa 


1 


Tree 


Wild 


A 


Perennial 


Butea monosperma 


2 


Tree 


Wild 


A 


Perennial 


Butea spp. 


1 


Tree 


Wild 


A 


Perennial 


Calotropis gigantea 


4 


Shrub 


Wild 


A 


Perennial 


Calotropis procera 


1 


Shrub 


Wild 


A 


Perennial 


Cappahs grandis 


1 


Tree 


Wild 


F 


Perennial 


Capparis sepioria 


1 


Shrub 


Wild 


F 


Perennial 


Cappahs zeylamca 


6 


Shrub 


Wild 


A 


Perennial 


Cassia siamea 


1 


Tree 


Wild/Cultivated 


A 


Annual 


Cassia ftstula 


3 


Tree 


Wild 


A 


Perennial 


Cassia pumila 


1 


Herb 


Wild 


A 


Annual 


Cassia spp. 


3 


Shrub 


Wild 


A 


Perennial 


Cassia tora 


3 


Herb 


Wild 


A 


Annual 


Ceropegio spp 


2 


Climber 


Wild 


R 


Biennial 


Chloroxylon swietenia 


1 


Shrub 


Wild 


A 


Perennial 


Citrus limon 


1 


Tree 


Cultivated 


A 


Perennial 


Citrus sinensis 


1 


Tree 


Cultivated 


A 


Perennial 


Citrus spp. 


3 


Tree 


Cultivated 


A 


Perennial 


Cleome viscose 


3 


Herb 


Wild 


A 


Annual 


Cocas nucifero 


2 


Tree 


Cultivated 


F 


Perennial 


Croxalana spp 


1 


Herb 


Wild/Cultivated 


A 


Annual 


Crotalaria spp. 


1 


Herb 


Cultivated 


A 


Annual 


Curcuma spp 


1 


Herb 


Cultivated 


A 


Biennial 


Cycas revolute 


1 


Tree 


Exotic 


F 


Perennial 


Cymbopogon martini 


1 


Herb 


Wild/Cultivated 


F 


Perennial 


Cymbopogon nardus 


1 


Herb 


Wild/Cultivated 


F 


Perennial 


Cynodon dactylon 


2 


Herb 


Wild 


F 


Annual 


Oaibergia spp 


4 


Tree 


Wild 


A 


Perennial 


Delonix regia. 


2 


Tree 


Wild 


A 


Perennial 


Dendrophthoe folcata 


1 


stem parasites 


Wild 


F 


Perennial 


Dendrophthoe sp. 


1 


stem parasites 


Wild 


F 


Perennial 


Derris scondens 


2 


Shrub 


wild 


F 


Perennial 


Desmodium spp. 


1 


Herb 


Wild 


A 


Annual 


Dregea volubilis 


1 


Climber 


Wild 


R 


Annual 


Echinops echinatus 


1 


Herb 


Wild 


A 


Annual 


Eiusme coracano 


2 


He ib 


Wild 


A 


Annual 


Ernbclia robusta 


1 


climber 


Cultivated 


F 


Perennial 


Entada spp. 


1 


Tree 


Wild 


R 


Perennial 


Erythnno indica 


3 


Tree 


Wild 


A 


Perennial 


Erythrina spp. 


1 


Tree 


Wild 


F 


Perennial 


Euphorbia spp. 


1 


Herb 


Wild 


A 


Annual 


Ficus benghalensis 


1 


Tree 


Wild 


A 


Perennial 


Ficus religiosa 


1 


Tree 


Wild 


A 


Perennial 


Ficus spp. 


1 


Tree 


Wild 


A 


Perennial 
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Flacourtia indica 


1 


Shrub 


Wild 


A 


Perennial 


Grassea 


13 


Herb 


Wild 


A 


Annual 


Hedychium spp. 


1 


Herb 


Cultivated 


F 


Annual 


Helicteres isora 


1 


Tree 


Wild 


A 


Perennial 


Hemidesmus indicus 


1 


Climber 


Wild 


A 


Biennial 


Hibiscus spp. 


4 


Tree 


Cultivated 


A 


Perennial 


Hybonthus ennaespermus 


1 


Herb 


Wild 


F 


Annual 


Imperato cylindnca 


1 


Herb 


Wild 


A 


Annua 


Impcrata spp. 


2 


Herb 


Wild 


A 


Annual 


Indigofera spp. 


2 


Herb 


Wild 


A 


Annual 


Kalonchoe pinnata 


1 


Herb 


Cultivated 


A 


Perennial 


Lanlano camora 


3 


Shrub 


Wild 


A 


Perennial 


Maeruo oblongifolio 


1 


Shrub 


Wild 


R 


Perennial 


Mangifera indica; 


1 


Tree 


Wild/Cultivated 


A 


Perennial 


Michelio chompaco 


2 


Tree 


Cultivated 


R 


Perennial 


Mimosa pudica 


1 


Herb 


Wild 


F 


Biennial 


Mimosa spp. 


1 


Shrub 


Wild 


A 


Perennial 


Mitragyna parvifolia 


1 


Tree 


Wild 


A 


Perennial 


Moullava spicala 


1 


Shrub 


wild 


R 


Perennial 


Murraya koenigii 


3 


Tree 


Cultivated 


A 


Perennial 


Nerium odorum 


1 


Shrub 


Wild/Cultivated 


A 


Perennial 


Otax scandens 


1 


Tree 


Wild 


A 


Perennial 


Oryza saliva 


2 


Herb 


Cultivated 


A 


Annual 


Ougeinia oojeinensis. 


1 


Tree 


Wild 


F 


Perennial 


Oxalis corniculoto 


1 


Herb 


Wild 


A 


Annual 


Palms 


1 


Tree 


Wild/Cultivated 


F 


Perennial 


Porocalyx scariosa 


1 


Herb 


Wild 


A 


Annual 


Passiflora focvda 


1 


Shrub 


Wild 


F 


Annual 


Phyla nodiflora 


1 


Herb 


Wild 


A 


Annual 


Phytlanthus spp. 


1 


Herb 


Wild 


A 


Annual 


Pisum sativum 


1 


Shrub 


Cultivated 


A 


Annual 


Pithecolobium dulce 


2 


Tree 


Wild/Cultivated 


A 


Perennial 


Plumbago zeylaiuca 


1 


Herb 


Wild 


F 


Biennial 


Polylolhio longifolia 


3 


Tree 


Exotic 


A 


Perennial 


Pongamia pinnata 


4 


Tree 


Wild 


A 


Perennial 


Pongamia glabra 


1 


Tree 


Wild 


A 


Perennial 


Quisqualis indica 


2 


Climber 


Cultivated 


A 


Perennial 


Ricinus communis 


2 


Shrub 


Wild 


A 


Perennial 


Ruta graveolens 


1 


Shrub 


Exotic 


F 


Annual 


Saccharum officinarum 


2 


Shrub 


Cultivated 


A 


Annual 


Saccharum spp. 


2 


Herb 


Wild 


A 


Annual 


Salvadora persica 


1 


Climber 


Wild 


R 


Perennial 


Scn/iecnera oleosa 


1 


Tree 


Wild/Cultivated 


F 


Perennial 


Sesbania bispinosa 


1 


Shrub 


Wild 


R 


Perennial 


Shorea robusla 


1 


Tree 


Wild 


R 


Perennial 


Sida cordifolia 


5 


Herb 


Wild 


A 


Annual 


Sida rhombifolias 


1 


Herb 


Wild 


A 


Annual 


Sorghum spp. 


3 


Herb 


Cultivated 


A 


Annual 


Tamarindus indica 


2 


Tree 


Wild 


A 


Perennial 


Tephrosia purpurea 


4 


Herb 


Wild 


A 


Annual 


Terminalia alata, 


1 


Tree 


Wild 


A 


Perennial 


Terminalia calappo 


1 


Tree 


Cultivated 


A 


Perennial 


Tragia imolucrate 


2 


Herb 


Wild 


A 


Annual 


Trogia plukentii 


3 


Herb 


Wild 


F 


Annual 


Vioa sp 


1 


Herb 


Wild 


F 


Annua 


Zea mays 


2 


Herb 


Cultivated 


A 


Annual 


Zingiber spp. 


1 


Herb 


Cultivated 


A 


Perennial 


Zizyphus mauriliana 


2 


Tree 


Wild 


A 


Perennial 


Zizyphus oenoploea 


1 


Tree 


Wild 


A 


Perennial 


Zizyphus rugosa 


1 


Tree 


Wild 


A 


Perennial 


Zizyphus spp. 


3 


Tree 


Wild 


A 


Perennial 


Zornio gibboso 


1 


Herb 


Wild 


A 


Annual 


Total 


226 
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Table 4. Exploitation of plant families as larval host plants by species of butterfly families at 
Nagpur, India. 



HPfam 


Papilionidae 


Pieridae 


Nymphalidae 


Lycaenidae 


Hesperiidae 


Aristolochiaceae 


2 


0 


0 


0 


0 


Annonaceae 


3 


0 


0 


0 


0 


Magnoliaceae 


2 


0 


0 


0 


0 


Rutaceae 


9 


0 


0 


2 


0 


Flindersiaceae 


1 


0 


0 


0 


0 


Caesalpiniaceae 


0 


13 


4 


1 


0 


Fnbnce.ie 


0 


1 


6 


27 


3 


Mimosaceae 


0 


4 


2 


9 


0 


Loranthaceae 


0 


1 


0 


1 


0 


Capparaceae 


0 


1 1 


1 


0 


0 


Euphorbiaceae 


0 


1 


9 


0 


1 


Salvadoraceae 


0 


1 


0 


0 


0 


Poaceae 


0 


0 


26 


0 


17 


Passifloraceae 


0 


0 


1 


0 


0 


Flacourtiaceae 


0 


0 


1 


0 


0 


Malvaceae 


0 


0 


10 


0 


2 


Rhamnaceae 


0 


0 


1 


6 


0 


Rubiaceae 


0 


0 


1 


0 


0 


Anacardiaceae 


0 


0 


2 


0 


0 


Dipterocarpaceae 


0 


0 


1 


0 


0 


Acanthaceae 


0 


0 


9 


0 


0 


Verbenaceae 


0 


0 


1 


3 


0 


Asteraceae 


0 


0 


3 


0 


0 


Asclepiadaceae 


0 


0 


8 


0 


0 


Apocynaceae 


0 


0 


1 


0 


0 


Periplocaceae 


0 


0 


1 


0 


0 


Moraceae 


0 


0 


3 


0 


0 


Myrsiaceae 


0 


0 


0 


1 


0 


Crassulaceae 


0 


0 


0 


1 


0 


Plumbaginaceae 


0 


0 


0 


1 


0 


Sapindaceae 


0 


0 


0 


1 


0 


Amaranthaceae 


0 


0 


0 


1 


1 


Cycadaceae 


0 


0 


0 




0 


Oxilidaceae 


0 


0 


0 




0 


Combretaceae 


0 


0 


0 


4 


0 


Ol^caccae 


0 


0 


0 




0 


Sterculiaceae 


0 


0 


0 


0 


1 


Zingiberaceae 


0 


0 


0 


0 


3 


Arecaceae 


0 


0 


0 


0 


4 



V J 



Table 5. Correlations (Kendall r ) between butterfly larval host plant variables, host plant specificity (phagy) and egg batch size. 



Variables 


Host plant 
life form 


Blotope 


Host plant 
abundance 


Host plant 
peren nation 


Track 
through 
herbs 


Shrub-wood 
edge 


Rock face 


Stream bank 


Hill top 


Host plant 
as nectar 
source 


Phagy 


Egg batch 
size 


Host plant life form 


























Bio tope 


0 12 
























Host plant abundance 


-0.11 


r 


-0.06 






















Host plant perennation 


081'-" 


008 


-0 1 




















Track through herbs 


0 07 


■0 25 


0 09 


001 


















Shrub- wood edge 


0.29 ■ 


r 


-0 M 


0.01 


0.32 


r -0.04 
















Rock face 


-0.28= 


r- 


■0 1 


0 3 


■0 28 


0 12 


' 001 














Stream bank 


-0.3™ 


r 


-0 06 


0.13- 


-0.37— 


-0.16" 


-0.22™ 


0.32"* 












Hill top 


-0.21*" 


-0.24"* 


0 34"- 


-0.2S--- 


0.18" 


r -005 


0 64"* 


043"* 










Host plant as nectar source 


01 


l 


-0.01 


0 


0 01 


0 07 


> -0.01 


* -0.03 


:. a 


0.05 








Phagy 


on 


r 


-0 13 


0.07 


0.04 


0.09 


■0 31 


■0 13 


^ -0.07 


r 


-0 08 


0.02 


1 




Egg batch size 


001 


0.06 


0 08 


0 03 


0 04 


0 03 


0 06 


0 14 


0 


0 I 1 


0 1 3 




Ant association 


0.14- 


r 


-0.05 


' -0.02 


0.14' 


0.03 


A IB** 


0.09 


0.06 


0.06 


o.os 


0.19" 


0 



Kendall tau *P < 0.05, **P < 0.01, *** P < 0.001, n= 120; Bonferroni correction P = 0.0039, t > ±0.19. 

Variables have been recoded to binary format with exception of life form (I herb, 2 shrub, 3 tree, climber and epiphyte); Kendall 
r calculated for means of ranks of species for host plants. 
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Table 6. General linear model of transect counts for butterfly species against 
h ost plant variables controlled for butterfly families. 





Log transect counts 










Parameter 


Standard 
error 


t 


P 


P.2% 


Intercept 


2.676 


0.416 


6.44 


< 0 0001 




Number of host 
plants 


0.631 


0.118 


5.36 


< 0.0001 


21.6 


Track through 
herbs 


1.002 


0.402 


2.49 


0.014 


3.9 



Variables failed to enter: phagy, host plant growth form, biotope, host plant 
abundance, perennation, stream banks, shrub-wood edges, rock face, hill tops, 
egg batch number, butterfly family (categorical variable). 
F(ii 7 ) = 20.04, R = 0.5 1 , R J = 0.26, P < 0.0001 

SS model 63.30, MS model 31.65, SS residual 184.82 MS residual 1.58 
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